
Maszyny Elektryczne - Zeszyty Problemowe Nr 1/2016 (109) 

 

103

Mark Markovic1, Zorica Nedic2, Andrew Nafalski2 
1 BHP Billiton, Mine Engineering, Olympic Dam, Roxby Downs, Australia 
2 University of South Australia, Adelaide, Australia 

 
MICROGRID SOLUTIONS FOR INSULAR POWER SYSTEMS IN 

THE OUTBACK OF AUSTRALIA 
 

ROZWIĄZANIA HYBRYDOWE TYPU MICROGRID DLA IZOLOWANYCH 
SYSTEMÓW ENERGETYCZNYCH W INTERIORZE POŁUDNIOWEJ 

AUSTRALII 
 

Abstract: In countries, such as Australia, with often vast distances between settlements and the mains power 
grid, insular power systems are the only solution. The most common of them is diesel generation that is rela-
tively inexpensive, however it can have long term financial and environmental implications such as a large 
production of green house gases (GHGs). In the paper on an example of a remote water pump station, we 
compare microgrids of diesel generation only, combination of it with solar generation and an addition to the 
latter of a battery storage. It is demonstrated that addition of renewable energy to diesel generation can be a 
viable alternative for insular power systems, resulting in drastic reduction of diesel fuel consumption, emission 
of GHGs and reduction of total operating and maintenance costs. 
 

Streszczenie: W krajach takich jak Australia, często ogromne odległości między osiedlami i siecią elektro-
energetyczną, wyspowe systemy zasilania są jedynym rozwiązaniem. Najczęstszym z nich jest generator Die-
sla, który jest stosunkowo tani, jednak może mieć długoterminowe skutki finansowe i środowiskowe, takie jak 
duża produkcja zielonych gazów (GHG). W artykule porównano, na przykładzie stacji zdalnej pompy wodnej 
mikrosieci generację silników wysokoprężnych, połączonych z instalacją solarną oraz systemem baterii do 
przechowywania energii. Wykazano, że oddanie energii odnawialnej do układu napędowego może być realną 
alternatywą dla wyspiarskich systemów energetycznych, w wyniku drastycznego zmniejszenia zużycia oleju 
napędowego, emisji gazów cieplarnianych i zmniejszenia całkowitych kosztów eksploatacji i utrzymania. 

1. Introduction 

One of the basic needs in remote areas of Aus-
tralia is energy. Often, remote locations are not 
within close proximity to a mains power grid. 
An easy solution to providing power in remote 
areas is diesel generation. Diesel generation is 
not capital intensive; however, it can have long 
term negative financial impacts as well as pro-
ducing undesirable amounts of Green House 
Gases (GHGs). The contribution  to GHGs and 
adverse environmental impacts is the conse-
quence of the excessive consumption of diesel 
fuel.  
Nowadays microgrids (MGs) often  combine 
several different energy sources to act as one 
generation source, to meet specific electrical 
demand. A MG can work synchronously with 
the macrogid (mains power grid) but also needs 
to have the functionality to operate as an iso-
lated (insular) power system as presented in this 
paper. 
In the paper we analyse a remote area water 
pump station with two pumps running typically 
on diesel power generation. This is compared  

 
 
 

with MGs of a diesel generator coupled with 
solar generation, and then with an addition of a 
battery energy storage to the latter.  
HOMER [1] Microgrid modelling software by 
the U.S. National Renewable Energy Labora-
tory was used in modelling the power source for 
a dedicated load such as a remote water pump 
station. HOMER has three main tasks which it 
performs to allow for analysis of the proposed 
MG which are simulation, optimisation and 
sensitivity analysis. 
Recent advances in renewables such as solar 
power, wind farms and battery storage resulted 
in reduced costs and increase of the reliability.  
As a result the main finding of this paper is that 
diesel power generation can be complemented  
by renewable energy technologies, drastically 
reducing diesel fuel usage and GHGs. 
The total operating and maintenance costs are 
also reduced when renewable energy is used 
because after the initial capital outlay, mainte-
nance is very often minimal for solar panels and 
battery storage solutions.  
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2. The system 

The paper considers a pump station containing 
two water pumps and general electrical loads 
such as lighting and control, with the emphasis 
on powering the station. It is assumed that the 
Direct-on-Line (DOL) electric motors startup is 
used. Two basic centrifugal water pumps are 
used maintaining a constant flow at a constant 
pump speed. As the pumps will operate at  
a constant speed, a constant motor current draw 
is assumed. The aim of the paper is to focus on 
the environmental and economic factors associ-
ated with operating and maintaining a remote 
water pump station. Similar environmental and 
economical studies in the context of using elec-
tric vehicles were conducted in [2]. The scope 
of the paper will include a comparison between 
the existing and potential microgrid solutions. 

3. Microgrids 

A microgrid usually consists of several energy 
sources coupled to a common power bus AC or 
DC and generally includes the mains grid 
power supply. By definition MGs do not dictate 
how many or what the connected power sources 
are, nor is it defined to be a certain size. Gener-
ally a MG must be locally controlled and be 
able to operate in conjunction with the mains 
grid and also as an electrically isolated (insular) 
system as remote power applications are often 
very far from the mains grid. Types of energy 
sources include, solar, wind, hydro, batteries, 
fuel cells and in some cases backup diesel gen-
erators. The system often involves complex 
control which helps maintain power stability 
including voltage and frequency in the areas. 
Control systems will also act to manage the 
power conversion and switching in and out 
various sources or loads. 

4. Microgrid simulation software 

HOMER software used in the paper is able to 
simulate different configurations of power sys-
tems and loads and is able to capture data for 
each hour of a day over one year period. The 
main limitation of HOMER is that it cannot 
detect transients for very small time periods but 
the upside is that model can easily be simulated 
with minimal computing power. HOMER can 
simulate different scenarios and configurations 
which enables a user to come up with a solution 
that satisfies the user’s preferences, is consid-
ered fit-for-purpose and has the lowest lifecycle 

cost. An example of a microgrid with AC and 
DC buses is shown in Figure 1. 

 
Fig. 1. Microgrid with various power sources 

5. Diesel generation 

The analysed pump station consists of two 
pumps drawing water from a storage pond as 
shown in Figure 2. 

 
Fig. 2. Representation of two pumps drawing 

water from a storage pond 
 

Each pump will be powered by a 415 V, 55 kW 
electric motor. The starting method will be di-
rect-on-line starting or DOL. With DOL the 
starting current is assumed to be 7.0 times the 
full load current of the induction motor. This 
means that each induction motor will need ap-
proximately 385 kVA to start.  
The ancillary load at the pump station will con-
sist of components such as diesel bowser 
pumps, battery chargers, lighting, local control 
hardware and general electrical services. This 
will be an assumed connected load of 5kW.  
For the purpose of this project the total electri-
cal loading will be considered 60 kW as only 
one pump is required at any one time. Taking 
into account starting current and other loads the 
generator selected for analysis will have  
a prime power delivery capability of 184 kW. 
Assuming a power factor 0.8 this equates to  
230 kVA of required apparent power.  
For ease of analysis the pump station will con-
tain two diesel generators connected to a com-
mon bus. The generators have the ability to 
synchronise onto the bus to operate in parallel, 
if required. The bus will then supply power to 
water pumps to enable the transportation of 
water over a distance. The main requirement is 
to maintain a reliable AC bus at all times.  
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High load industrial applications such as water 
pumping stations require reliability. For the 
purpose of this the two diesel generators will be 
utilised 50% of the time, alternating at set inter-
vals. This will ensure redundancy under main-
tenance and/or failure conditions, enabling 24 
hours a day operation. For the existing system 
simulation one 184kW generator and one 60 
kW load will be modelled. 
The discount rate has been assumed to be 7.0% 
and the inflation rate of 2.0%. Generator lifecy-
cles are assumed to be 60,000 hours prior to re-
quiring capital replacement or overhaul. Capac-
ity shortage is set to zero as there will be two 
generators and only one is needed at any one 
time. Capital purchase cost is estimated at 
AU$75,000 and replacement cost will also be 
AU$75,000. 
 

 
 

Fig. 3. Schematic of the diesel only system 
 

Diesel fuel price is assumed to be AU$1.50 per 
litre, which is inclusive of delivery charges. 
Operation and Maintenance costs (O&M) is as-
sumed to be $10/hr which is AU$87,600 per 
year. A project lifecycle of 20 years will be 
modelled. Table 1 shows objective data for die-
sel only system, extracted from the HOMER 
simulation. 

6. Example of solar data 

In [3] solar data in an outback town Oodnadatta  
 

(over 1,000 km North from Adelaide) in South 
Australia was analysed resulting in the mean 
daily global solar radiation per annum on a ho-
rizontal surface of approximately 6.29 kWh/m2. 
The mean daily sunshine duration in Oodna-
datta is 9.6 hours per day which is comparable 
to that in Egypt and Saudi Arabia, the two 
countries with the greatest solar potential. The 
mean daily sunshine hours in these countries 
are 11 hours and 8.9 hours, respectively [4, 5]. 
Similar conditions exist in many outback loca-
tions of Australia, making the application of 
solar power a viable option. 

7. Microgrid: diesel/solar 

The diesel/solar system was modelled with one 
diesel generator, described in section 6, and a 
flat solar panel with the mean daily global solar 
radiation per annum on a horizontal surface of 
approximately 5.6 kWh/m2. This is less than 
Oodnadatta as in this case the location was 
Woomera in central South Australia (487 km 
North from Adelaide). 
The diesel generator was scheduled for optimal 
performance. This means that solar will operate 
whenever possible and diesel will only be used 
when the solar panels cannot meet the demand.  
The system schematic is shown in Figure 4. 
 

 

Fig. 4. Schematic of diesel/solar system 
 

Table 1. Objective data for diesel only system 

 

 
 
 
 

 
 

 

 

OBJECTIVE DATA 
 

Cost of 
Energy 
(COE) 

($/kWh) 

Net 
Present 

Cost 
(NPC) 

($) 

Annualised 
Operating 

Cost  
($) 

Initial 
Capital 

Cost  
($) 

Annual  
O & M 

Cost  
($) 

Diesel 
Fuel 

Usage 
(l/y) 

Total 
Diesel 
Fuel 

Usage  
(l/20y) 

Estimated 
Carbon  

Emissions 
(kg/y) 

0.696 4.6m 354k 150k 87.6k 175k 3.5m 461k 
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The capital cost of solar panels was assumed to 
be $1 per Watt. O&M costs were assumed to be 
AU$10,000 per year. The lifecycle of panels 
was assumed to be 25 years with a de-rating 
factor of 80%. 
A standard 75 kW inverter (AU$40,000) with a 
lifetime of 15 years and efficiency of 90% was 
used. 
The optimal solution included the 184 kW die-
sel generator, the 75 kW inverter and 200 kW 
solar panels. 

In Table 2, a comparison of diesel only and die-
sel/solar systems is presented.  
Introducing solar panels with no form of energy 
storage already displays a lower net present cost 
(NPC), annual operating and maintenance costs, 
reduced fuel consumption and emissions. The 
key metric, cost of energy (COE) has also been 
reduced. The biggest downside to renewable 
energy solutions is the initial capital cost.  
 

Table 2. Objective data for diesel and diesel/solar systems 
 

OBJECTIVE DATA 

  Cost of 
Energy 
(COE) 

($/kWh) 

Net 
Present 

Cost 
(NPC) 

($) 

Annualised 
Operating 

Cost  
($) 

Initial 
Capital 

Cost  
($) 

Annual  
O & M 

Cost  
($)  

Diesel 
Fuel 

Usage 
(l/y) 

Total 
Diesel 
Fuel 

Usage  
 

(l/20y)  

Estimated 
Carbon  

Emissions 
(kg/y) 

Diesel 
Only  

0.696 4.6m 354k 150k 87.6k 175k 3.5m 461k 

Diesel 
/Solar 

0.539 3.56m 258k 315k 73.7k 121k 2.4m 318k 

 
8. Microgrid: diesel/solar/battery 

The same specifications for diesel generator and 
solar panels as described previously were 
maintained. A generic lithium ion 1 kWh 6V 
battery was used for the simulation. To main-
tain a 420 V DC bus a string of 70 batteries 
were placed in series. Ten strings were mod-
elled to provide 70 kWh of storage with 167 Ah 
of capacity. This makes for a bank of 700 bat-
teries. 
A price of AU$600 per kWh of battery storage 
was utilised for the HOMER simulation. Oper-
ating and maintenance costs were neglected as 
batteries, once installed, are considered mainte-
nance free. 
The HOMER simulation system is shown in 
Figure 5. 
Two dispatch strategies were modelled, load 
following and cycle charging. The load fol-
lowing only supplies as much energy as is 
needed. Cycle charging runs generators at full 
output whenever they are running and charges 
batteries with excess output.  
After experimenting with both models it was 
found that load following provided the best re-
sults so this is the dispatch strategy that will be 
utilised. 

Summary of simulations for the three configu-
rations is shown in Table 3. It shows that by in-
troducing a simple bank of batteries to the mi-
crogrid has reduced all the performance indi-
cators except the initial capital investment. 
 

 

Fig. 5. Schematic of diesel/solar/battery system 

9. Conclusions 

Overall, the findings of the paper are clear. Re-
newable energy can be a viable alternative for 
remote power applications if an effective engi-
neering analysis is performed and results are 
presented to management in a way that the cost 
benefits are easily attained, while also the con-
tribution to the world’s more sustainable envi-
ronmental future is taken into account.  
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Table 3. Objective data for the three system 

 OBJECTIVE DATA  
  Cost of 

Energy 
(COE) 

($/kWh) 

Net 
Present 

Cost 
(NPC) 

($) 

Annualised 
Operating 

Cost  
($) 

Initial 
Capita
l Cost  

($) 

Annual  
O & M 

Cost  
($)  

Diesel 
Fuel 

Usage 
(l/y) 

Total 
Diesel 
Fuel 

Usage  
(l/20y)  

Estimated 
Carbon  

Emissions 
(kg/y) 

Diesel 
Only  

0.696 4.60m 354k 150k 87.6k 175k 3.5m 461k 

Diesel/ 
Solar 

0.539 3.56m 258k 315k 73.7k 121k 2.4m 318k 

Diesel/ 
Solar/ Bat-
tery  

0.428 2.83m 167k 735k 49.2k 70k 1.4m 185k 

 
10. References 
[1]. HOMER Energy, Homer Renewable Energy 

Software, viewed  1 May 2015, http://www. 
homerenergy.com/software.html. 
[2]. Pirgousis  C. T., Nafalski A., Nedic Z. and Göl, 
Ö.:, 2009, Study of environmental and economical 

effects of using electric vehicles, Maszyny Elek-
tryczne - Zeszyty Problemowe, Katowice, Poland. 
vol.  No.  81,  p. 107-111. 
[3]. Singh R. K., Gol Ö., Nafalski A. and Nedic Z.: 
2015, Enhancement of an insular power system in 

the outback of South Australia, Proceedings of 
TENCON 2015 IEEE Region 10 Conference. IEEE. 
[4]. Rehman S. and Al-Hadhrami L. M.: 2010, Study 

of a solar PV–diesel–battery hybrid power system 

for a remotely located population near Rafha, Saudi 

Arabia, Energy. vol. 35,  No.  12,  p. 4986-4995. 
[5]. Tadros M.: 2000, Uses of sunshine duration to 
estimate the global solar radiation over eight meteo-
rological stations in Egypt, Renewable Energy. vol. 
21,  No.  2,  p. 231-246. 

Authors 

Mark Markovic is cur-
rently Senior Engineer 
Electrical with BHP 
Billiton at Olympic 
Dam in South Austra-
lia. He holds 
BEng(Hons) and 
MEng. He has more 
than 10 years experi-

ence in the automotive sector. His work and 
interests are in electrical and control systems, 
however, extend to other fields of engineering. 
In most recent times Mark prides himself on ef-
fectively managing and delivering multidisci-
plinary infrastructure projects in the resources 
sector. Email: mark.markovic@bhpbilliton.com 
 

Zorica Nedic holds a 
PhD in Engineering from 
the University of South 
Australia. Before her 
academic career at the 
Uni-ersity of South Au-
stralia, she spent six ye-
ars working as an R&D 
engineer at the Institute 

Mihajlo Pupin in Belgrade, Serbia after com-
pleting her BEng (Electronics) at the University 
of Belgrade. Her research interests focus on 
remote laboratories and technology applications 
in engineering education. She has authored and 
co-authored over 150 fully refereed publica-
tions. E-mail: zorica.nedic@unisa.edu.au 

Andrew Nafalski's career 
includes assignments in 
academic and research 
institutions in Poland, 
Austria, Wales, Germa-
ny, France, Japan, USA, 
Canada, and Australia. 
He holds BEng(Hons), 

GradDipEd, MEng, PhD and DSc degrees. He 
is currently a Professor of Electrical Engine-
ering at the University of South Australia in 
Adelaide and a Visiting Professor at the Lublin 
University of Technology. His major research 
interests are related to electromagnetism, ma-
gnetic materials, electrical power, remote labo-
ratories, human system interfaces as well as in-
novative methods in engineering education. He 
has published over 400 scholarly works in the 
above fields.  
E-mail: andrew.nafalski@unisa.edu.au 


